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When we began our investigations of psittacosis,  the only animals 
known  to  be  susceptible  to  the  experimental  disease  were  parrots, 
certain small birds closely related to parrots, and mice.  Consequently 
it seemed desirable to ascertain whether other small laboratory animals 
are suitable for experiments with the disease.  For this work, rabbits 
and guinea pigs were chosen.  Results of the studies in which these ani- 
mals were used  and  concerning  which preliminary notes  (1,  2)  have 
already appeared are here set forth in detail. 
Methods and Materials 
Virus.--Virus from two sources was used; one strain came from an emulsion of 
the liver and spleen  of Parrot N  infected with virus originally  obtained from a 
parrot with the natural disease,  the other strain was derived from the liver and 
spleen of Parrot Wenz (WC) infected with material from a patient who had died of 
psittacosis.  For more detailed  information concerning  these  viruses, one  may 
consult the first paper of this series. 
Inoculations.--Intraperitoneal,  intracutaneous,  and  corneal  inoculations  were 
used in a few instances.  For the most part, however, the rabbits and guinea pigs 
were infected intracerebraUy*  and passages were accomplished by  injections  of 
0.1-0.25  ce. of emulsified infectious  brain tissue into the brains of normal rabbits 
and guinea pigs.  The inoculations were made in the right half of the brain by 
means of a  tuberculin syringe after the needle  had been thrust through a  small 
trephined opening in the skull.  Transfers were made at the peak of the febrile 
reaction that usually came 3-7 days after inoculation. 
* All operations were performed under ether anesthesia. 
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EXPERIMENTAL 
Since symptoms and signs  referable to the central nervous system 
constitute a  conspicuous part of the clinical picture  of psittacosis  in 
man, and since many viruses are capable of propagation by means of 
brain to brain passages, it occurred to us that information concerning 
the etiological agent of psittacosis might be obtained by studying its 
effects on rabbits and guinea pigs infected  intracerebrally.  Further- 
more, if it proved possible to establish the virus in these animals, an 
opportunity to investigate  its  distribution  in  their bodies would  be 
provided.  Moreover, we wished to determine whether passage of the 
virus through these more or less alien hosts would alter its pathogen- 
icity for the natural host,  the parrot,  and for another alien host, the 
mouse.  Finally, we desired to make certain investigations regarding 
immunity to psittacosis  that  would be facilitated in  case the rabbit 
was  found  to  be  susceptible  to  the  disease.  Before discussing  the 
results  of  our  experiments,  we  shall  give  a  general  description  of 
psittacosis experimentally induced by intracerebral inoculations of the 
virus in rabbits and guinea pigs.  To this description, a  few illustra- 
tive protocols are appended. 
Clinical and Pathological Evidences of Infection 
Following intracerebral inoculations of potent virus, all of the rabbits and guinea 
pigs, with a few exceptions, showed a high fever, i.e., a temperature above 104°F. 
In many instances  the temperature rose to 106-107°F, and occasionally reached 
108.5°F.  The peak of the febrile reaction was usually passed by the end of the 
Ist week after inoculation.  During the febrile period, the animals appeared sick, 
refused to eat, lost weight  extremely rapidly,  and  at  times  became  ataxic.  A 
few  gravid  pigs  aborted.  Some  of  the  rabbits  had  convulsive  seizures  and 
died.  As a  rule,  however,  the animals  recovered rapidly and appeared normal 
again  2  weeks after  inoculation.  The  febrile  reaction was  so  constant  and 
striking that it was used as an index of infection. 
The brains of rabbits and guinea pigs inoculated intracerebrally always showed 
pathological changes.  The reaction was predominantly a meningitis  characterized 
by infiltration  of mononuclear  and polymorphonuclear cells.  The  exudate was 
never extensive nor was it at any time purulent.  The brain substance itself was 
not  extensively  damaged.  Some  degeneration  of nerve cells and  perivascular 
infiltration were seen.  In the rabbits it was not always possible, because of the 
spontaneous  encephalitis  that occurs in them, to be certain of the cause of the 
changes around the vessels.  In the pigs, however, there was no doubt that the 
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The livers evidenced different degrees of enlargement and fatty degeneration. 
Some appeared to be almost normal, while others, particularly in the pigs, were so 
badly damaged that they had become chamois-colored and were very friable.  In 
approximately 10 per cent of the animals, macroscopic evidences of necrosis or 
infarction (Figs.  1, 2)  were found.  Such necrotic or yellowish areas were occa- 
sionally surrounded by hemorrhagic zones.  On section, no evidence of abscess 
formation was seen, and cultures of  the  tissues revealed no ordinary bacteria. 
Stained sections of the liver showed areas of necrosis somewhat similar to those 
seen in parrots and mice.  There was no definite evidence of bile duct involvement. 
Occasionally vascular channels were thrombosed, but it was not possible to deter- 
mine  whether  the  vascular  changes  preceded  or  followed  the  necrosis.  The 
splenic pulp was soft.  The lungs, kidneys, and intestines were not particularly 
abnormal.  Smears and sections of brains, livers, and spleens revealed none of the 
"minute bodies" found in parrots and mice infected with psittacosis. 
Rabbit 2573, Mar. 23, 1930, was inoculated intracerebrally with 0.25  cc. of a 
brain emulsion  from Rabbit 2563.  Mar.  29, temp. 101.2  °  .  Mar. 30, temp. 102.4  °  . 
Mar. 31,  temp.  107  °.  Apr.  1,  temp.  105.6  °.  Apr.  2,  temp.  102.5  °.  Apr.  3, 
temp.  103.2  °  .  Apr.  4,  temp.  101.2  °  .  The  animal lost  weight,  but  otherwise 
seemed in fair condition throughout the illness. 
Rabbit 2610, Apr.  21, 1930, was inoculated intraeerebrally with 0.25  cc. of a 
liver  and  spleen  emulsion from  Rabbit  2606.  Apr.Z2, temp.  104.6  °,  animal 
excitable.  Apr. 23, temp.  103.8 °.  Apr. 24, temp.  107.5  °, rabbit very irritable. 
Apr. 25, temp. 106.2  °, animal in fair condition, killed with chloroform and autop- 
sied  immediately.  Brain  injected  and  slightly  edematous.  Lungs  normal in 
appearance; liver enlarged and friable; spleen slightly enlarged with soft pulp; 
kidneys badly pitted as the result of an old nephritis; intestines injected.  Aerobic 
and anaerobic cultures of the brain, lungs, liver, and spleen remained sterile. 
Guinea Pig 2605; Apr. 14, 1930, was inoculated intraeerebrally with 0.1 cc. of a 
brain emulsion from Guinea Pig 2592.  Apr.  15, temp.  101.5  °.  Apr.  16,  temp. 
103.2  °  .  Apr. 17, temp. 107.2  °  .  Apr. 18, temp. 106  °  .  Except for loss of weight 
and fever,  the animal gave very little clinical evidence of infection.  Sacrificed 
and autopsied immediately.  Brain injected and edematous; lungs normal; liver 
large and yellowish as though it had undergone fatty degeneration; splenic pulp 
soft.  Aerobic and anaerobic cultures of brain, fiver, and spleen revealed no ordi- 
nary bacteria. 
Guinea Pig 2607, Apr. 18, 1930, was inoculated intracerebrally with 0.1 cc. of a 
brain emulsion from Guinea Pig 2605.  Apr.  19, temp.  103.2  °  .  Apr. 20, temp. 
106.4  °  .  Apr. 21, temp. 107  °  .  Apr. 22, temp. 105.8  °  .  Loss of weight and fever 
were the only clinical evidences of infection noted.  Animal sacrificed  and autop- 
sied immediately.  Brain injected and edematous; lungs normal; liver had under- 
gone fatty degeneration and over its surface were seen yellowish areas that appeared 
to be the result of focal necrosis or infarction; splenic pulp soft; kidneys normal. 
Aerobic and anaerobic cultures of brain, lungs, liver, and spleen remained sterile. 122  PSITTACOSIS.  III 
From  the  general description  of the  clinical  findings  and from the 
illustrative protocols it is obvious that the chief reactions in rabbits and 
guinea pigs to intracerebral inoculations of psittacosis virus are loss of 
weight and fever which at times may be excessively high.  Most  ani- 
mals reveal little or no clinical evidence of involvement of the brain and 
quickly make  a  complete recovery.  Apart  from the  mild meningo- 
encephalitis that all of the intracerebrally infected animals show, the 
chief pathological changes are noted in the liver where striking lesions 
are found in approximately 10 per cent of the cases.  These alterations 
are  characterized  by fatty degeneration,  focal  necrosis,  and  infarct- 
like processes (Figs.  1, 2). 
Results 
Having detailed the clinical and pathological findings in rabbits and 
guinea  pigs  intracranially  infected  with  psittacosis,  we  shall  now 
describe the results of experiments on the serial passage of the virus in 
these animals. 
Parrot N  was infected by Krumwiede with a parrot strain of psittacosis virus 
and then transferred to The Rockefeller Institute.  On Mar. 6, 1930, the bird died 
and at autopsy, a fatty liver,  a large soft spleen,  and a pericarditis were found. 
Cultures of the organs and pericardial exudate remained sterile,  and on Mar. 8th 
0.25 cc. of a 10 per cent liver and spleen emulsion were injected intracerebraUy in 
a rabbit.  The rabbit became sick and developed a high fever.  On the 3rd day 
following inoculation,  the animal was sacrificed and a  10 per cent brain emulsion 
was  prepared  and  used  to  inoculate  2  normal  rabbits  intracranially.  In  this 
manner the virus was propagated serially through 5 groups of rabbits at which time, 
in addition to rabbits, a parrot and 4 mice were inoculated.  All of these animals 
showed the clinical and pathological pictures of psittacosis.  From a rabbit in the 
10th set in the series, the virus was passed to normal rabbits by means of intra- 
cranial inoculations  of emulsified liver and spleen.  From a rabbit in the ] 2th  set, 
blood was used to transfer the disease to a series of rabbits in which the virus was 
successfully propagated through 8 successive sets of animals. 
From the 6th rabbit (Rabbit N6) in the series of passages,  2 guinea  pigs were 
inoculated (0.1 cc.) intracranially.  From the brain of one of these pigs an emul- 
sion was made and other pigs were  infected intracerebrally in series.  From a 
pig (Guinea Pig RN6~) in the 5th set of the series, 4 mice and a parrot were inocu- 
lated and developed typical psittacosis.  From the liver and spleen of a pig in the 
7th set, an emulsion was made and injected  (0.1 cc.)  into  the brain of 2 pigs. 
These  animals  became sick  and  developed fever.  From  them  the  virus  was 
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Text-fig.  1 schematically portrays  the serial  passages of the parrot  strain  of 
psittacosis virus in rabbits and guinea pigs.  Each set of animals consisted either 
of 2 rabbits or of 2  pigs.  This fact, however, is not indicated  in the diagram. 
Furthermore, when no notation concerning the inoculum and the route of inocula- 
tion occurs, it should be remembered that such passages were made from brain to 
brain. 
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TEXT-FIG. 1.  Diagrammatic representation of experimental  work conducted in 
rabbits  and guinea pigs with a  parrot strain of psittacosis virus.  The mode of 
transfer,  when undesignated,  consisted of intracerebral  inoculation of emulsified 
brain tissue. 
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(intramuscularly  and intraorally) to a parrot that sickened and died of psittacosis. 
From this bird, 2 other parrots were successfully  infected by means of nasal secre- 
tions and feces  respectively. 
The work described above, some of which is schematically  portrayed 
in  Text-fig.  1,  indicates that  the  virus  of  psittacosis  is  capable of 
indefinite propagation  by  means  of  brain  to  brain  inoculations in 
rabbits and guinea pigs.  Furthermore, it is evident that 5 such pas- 
sages  of  the  virus  through rabbits,  followed by  5  additional  serial 
passages in  guinea pigs,  did not  cause  the  active agent to  lose its 
pathogenicity for parrots and mice.  Moreover, the presence of the 
virus in rabbit's blood, liver, and spleen, and in guinea pig's liver and 
spleen  was  demonstrated.  Finally,  2  strains  of virus,  one  from  a 
parrot and the other from man, affected rabbits and guinea pigs in a 
similar manner. 
Immunity 
Parrots upon recovery from an attack of psittacosis possess an active 
immunity (see first paper of this series), while mice may not (see second 
paper).  It seemed important, therefore, to ascertain whether rabbits 
react to a primary infection with the virus by the development of an 
active immunity, and, if they do, to study by immunological methods 
the relation of the 2 strains of active agent (parrot and human) under 
investigation. 
Fourteen rabbits that had received different materials intraperitoneaUy, intra- 
cerebrally, intradermaUy, and intratesticularly were reinoculated intracerebrally 
at varying periods of time, 23-78 days, following  the first injections.  Some  of the 
primary inocula contained no virus, others had the parrot strain, while yet others 
carried the human strain.  In each instance, the parrot strain was used for reinocu- 
lation.  Of the 6 rabbits (Table I) that received no virus at the time of the first 
inoculation, all developed high fever and were sick following  reinoculation with 
the virus.  Of the 8 rabbits, however, that received  virus in the primary inoculum, 
only 1 showed  fever.  This animal was first reinoculated  23 days after its primary 
infection.  In contrast,  65 days after receiving its original dose of virus, it was 
reinoculated a second  time and was found to be fully resistant. 
The results of the reinoculation experiments summarized in Table I 
clearly show that rabbits upon recovery from psittacosis are actively 
immune.  Furthermore, it is evident that the 2 strains of virus under 
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Since the rabbit responds to intracerebral inoculations of the virus 
with a  striking rise of temperature, it occurred to us that its febrile 
reaction might be used as an index of infection, thus indicating the 
state  of activity of virus  in  neutralization tests.  Examination  in 
which the virus serum mixtures were tested in the brains of rabbits are 
described below. 
Serum was collected  from a patient on the 2nd day of the disease and also on the 
10th day after subsidence of fever.  A normal individual who had never had 
psittacosis was  bled for  control serum.  Brain emulsion containing virus was 
diluted  1:5, 1:10, 1:20.  Portions of  these dilutions were mixed with  equal 
amounts respectively  of the 3 specimens of serum.  The mixtures were allowed to 
stand 1 hour at 37°C. and then 0.25 cc. of each were injected intracerebrally  in a 
rabbit.  Thus 9 rabbits were inoculated.  In one instance only, neutralization of 
the virus by convalescent  serum appeared to have occurred.  When  the experiment 
was repeated, however, no evidence of inactivation of the virus by convalescent 
serum was obtained. 
From the results of the neutralization experiments described above, 
one is not justified in concluding that convalescent human serum shows 
any appreciable  amount of neutralizing power.  These  findings are 
similar to those obtained when mice (see second paper of this series) 
are employed as the test animal. 
DISCUSSION 
We have reported the results of our work dealing with the propaga- 
tion of the virus of psittacosis in the brains of rabbits and guinea pigs. 
Other workers (3, 4) have confirmed our observations, and, in addition, 
have been  able to obtain similar results by means of intratesticular 
inoculations.  Furthermore, they have shown that the skin of rabbits 
and guinea pigs is suceptible to the virus and dan be used for titrations 
of its activity.  Moreover, the failure of human convalescent serum to 
inactivate virus has been observed by other workers (4, 5)  as well as 
by ourselves.  Thus, no experimental proof has been adduced to show 
that convalescent serum is of value in the treatment of psittacosis. 
CONCLUSIONS 
1.  Rabbits and guinea pigs are susceptible to psittacosis virus intro- 
duced intracerebrally.  By means of brain to brain passages in these 
animals the active agent is capable of propagation indefinitely. 128  PSITTACOSIS.  III 
2.  Serial passages  of  the  virus  through  rabbits  and  guinea pigs 
do  not  cause the  active agent to  lose its pathogenicity for  parrots 
and mice. 
3.  The chief clinical evidences of infection in rabbits and guinea pigs 
following intracranlal inoculation of the virus are fever and loss of 
weight.  The  pathological  changes  are  characterized  by  a  mild 
meningo-encephalitis,  and  fatty  degeneration,  focal  necrosis,  and 
infarction of the liver. 
4.  Rabbits upon recovery from an attack of psittacosis are actively 
immune. 
5.  Two  strains  of  virus,  human  and  parrot,  were  found  to  be 
immunologically similar. 
6.  No  evidence was  obtained  to  show  that  human  convalescent 
serum possesses an appreciable amount of neutralizing substances. 
REFERENCES 
1. Rivers, T. M., and Berry, G. P., Proc. Soc. Exp. Biol. and Med., 1930, 27, 802. 
2. Rivers, T. M., Berry, G. P., and Rhoad% C. P., J. Am. Med. Assn., 1930, 95, 
579. 
3. Gordon, M. H., Lancet, 1930, l, 1174. 
4. Bedson, S. P., and Western, G. T., Brit. J. Exp. Path., 1930, ll, 502. 
5. Armstrong, C., McCoy, G. W., and Branham, S. E., Pub. Heallh Rcp., U.S. 
P. H., 1930, 45, 725. 
EXPLANATION OF PLATE 11 
F,o. 1.  Liver of s guinea pig, infected with psittacosis, showing fatty degenera- 
tion and areas of necrosis or infarction.  X 1. 
Fio. 2. Liver of a rabbit, infected with psittacosis, showing areas of necrosis or 
infarction.  × I. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  54  PLATE 11 
(Rivers and Berry: Psittacosis. III) 